SPEED CHANGE GEAR FOR AUTOMATIC TRANSMISSION 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 
5 [0001] 

The present invention relates to a speed change gear for an automatic transmission. 
The speed change gear has an arrangement of a speed reduction planetary gear set for 
reducing a rotation from a power source (engine and the like) and a latter speed change 
mechanism for inputting the thus reduced rotation. The speed reduction planetary gear set 
10 includes a ring gear having an outer periphery which is provided with a direct clutch for 
transmitting at a constant speed the rotation from the power source (engine and the like) to 
the latter speed change mechanism. 
[0002] 

Moreover, the present invention relates to a technology for making a gear train 
15 smaller. 

2. DESCRIPTION OF THE RELATED ART 
[0003] 

For reduced fuel consumption and improved drivability, recently, an automatic 
transmission is likely to have the greater and greater number of gear shifts. 
20 [0004] 

Japanese Patent Unexamined Publication No. P2000-55152 (= JP2000055152) 
discloses a conventional technology for reducing a gear noise by improving on-vehicle 
mountability. More specifically, the above improvement is made by preventing the 
automatic transmission (achieving six forward gears and one reverse gear) from becoming 
25 increased in axial length. 
[0005] 

As is seen in Fig. 8, a speed change gear for an automatic transmission according to 
Japanese Patent Unexamined Publication No. P2000-55152 (= JP2000055152) has a speed 
reduction planetary gear set Gl and a counter gear 101 which are disposed in the vicinity 
30 of a front end (substantially in the center of the vehicle) of the transmission. The above 
speed reduction planetary gear set Gl is of a double pinion type which transmits a rotation 
from an input shaft 1 of the transmission to a direct clutch C3 via a planetary carrier PCI, 
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with the direct clutch C3 disposed on an outer periphery of the speed reduction planetary 
gear set Gl and with the counter gear 101 disposed rearward (leftward in Fig. 8) relative 
to the speed reduction planetary gear set Gl. With the above constitution, namely, 
disposing the speed reduction planetary gear set Gl and the counter gear 101 close to the 
5 front end (substantially the center of the vehicle) of the transmission can reduce the gear 
noise. In addition, overlapping members of the speed reduction planetary gear set Gl in 
the above constitution can reduce the transmission in overall length. 
[0006] 

For increasing freedom (flexibility) of gear ratio of a final gear on the front end of 
10 the transmission, a differential ring gear (not shown) needs to secure a great outer 
diameter, relative to a distance between a main shaft and a differential shaft of a gear train. 
[0007] 

The above overlapping constitution of members of the speed reduction planetary 
gear set Gl according to Japanese Patent Unexamined Publication No. P2000-55152 (= 

15 JP2000055152) includes the direct clutch C3 that has a clutch hub 102 disposed radially 
outward relative to a first ring gear Rl of the speed reduction planetary gear set Gl, as is 
seen in Fig. 8. With the clutch hub 102 of the direct clutch C3, securing the great outer 
diameter of the differential ring gear (not shovm) relative to the distance between the main 
shaft and the differential shaft of the gear train is of difficulty for the following reason: 

20 * In a radial direction of the gear train, an area is to be secured equivalent to 

thickness of the clutch hub 102 added by a gap between the clutch hub 102 and the first 
ring gear RL 

BRIEF SUMMARY OF THE INVENTION 
[0008] 

25 It is an object of the present invention to provide a speed change gear for an 

automatic transmission which speed change gear can secure a great outer diameter of a 
differential ring gear relative to a distance between a main shaft and a differential shaft of 
a gear train, by preventing greater radial diameter in the course of axial length reduction of 
the automatic transmission which reduction is necessary for the increased number of gear 

30 shifts. 



[0009] 

According to an aspect of the present invention, there is provided a speed change 
gear for an automatic transmission. 

The speed change gear comprises: 

1) an input portion for inputting an input rotation from a power source; 

2) an output portion disposed substantially coaxially with the input portion and 
outputting an output rotation of the speed change gear; and 

3) a plurality of planetary gear sets including a compound planetary gear set, the 
plurality of the planetary gear sets providing a plurality of power conductive paths to an 
area defined between the input portion and the output portion. 

The plurality of the planetary gear sets comprises; 

a clutch and a brake to be selectively coimected and disconnected in such a 
manner that the plurality of the planetary gear sets change a rotation from the input portion 
at a corresponding gear change ratio by selecting one of the plurality of the power 
conductive paths, thereby outputting the thus changed rotation to the output portion. The 
clutch and the brake make a combination of engagement and disengagement. The 
combination makes a selection from at least six forward gears and one reverse gear. 

One of the plurality of the planetary gear sets is a speed reduction planetary gear set 
for continuously reducing the input rotation and outputting the thus reduced rotation. 

The clutch comprises; 

two clutches including a first clutch and a second clutch for connecting and 
disconnecting the reduced rotation from the speed reduction planetary gear set to the 
compound planetary gear set, and 

a third clutch which is a direct plutch for outputting the input rotation at a 
constant speed to the compound planetary gear set, the third clutch being disposed radially 
outward relative to a first ring gear of the speed reduction planetary gear set. 

The first ring gear has an outer periphery which is provided with a clutch hub. The 
clutch hub constitutes the direct clutch and is an input member to the third clutch. 
[0010] 

The other object(s) and feature(s) of the present invention will become understood 
from the following description with reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



[0011] 

Fig. 1 is a typical skeleton diagram of a speed change gear for an automatic 
transmission, according to an embodiment of the present invention, 
[0012] 

Fig. 2 shows an engagement logic of a transmission friction element of the speed 
change gear, relative to a selected gear shift. 
[0013] 

Fig. 3 shows torque flow paths at each gear shift of the speed change gear according 
to the embodiment, in which: 

Fig. 3(a) is a typical skeleton diagram similar to that in Fig. 1 at a first gear, 
Fig. 3(b) is a typical skeleton diagram similar to that in Fig. 1 at a second gear, 

and 

Fig. 3(c) is a typical skeleton diagram similar to that in Fig. 1 at a third gear. 

[0014] 

Fig. 4 shows torque flow paths at each gear shift of the speed change gear according 
to the embodiment, in which: 

Fig. 4(a) is a typical skeleton diagram similar to that in Fig. 1 at a fourth gear. 
Fig. 4(b) is a typical skeleton diagram similar to that in Fig. 1 at a fifth gear, 

and 

Fig. 4(c) is a typical skeleton diagram similar to that in Fig. 1 at a sixth gear. 

[0015] 

Fig. 5 shows torque flow paths at a reverse gear shift of the speed change gear 
according to the embodiment, with a typical skeleton diagram similar to that in Fig. 1. 
[0016] 

Fig. 6 is a view of a developed cross section showing an actual constitution of the 
speed change gear in Fig. 1 to Fig. 5, according to the embodiment, in which: 

the speed change gear has an input portion 1 and an output portion 2 reversed 
relative to those shown by the skeleton diagrams in Fig. 1, Fig. 3, Fig. 4 and Fig. 5. 
[0017] 

Fig. 7 shows an enlarged cross section of an essential part of the actual constitution 
of the speed change gear in Fig. 6, according to the embodiment of the present invention. 
[0018] 
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Fig, 8 shows an automatic transmission achieving six forward gears and one reverse 
gear, according to a related art, in which 

improving on-vehicle mountability attributable to prevention of increase in 
axial length reduces gear noise. 
5 DETAILED DESCRIPTION OF THE EMBODIMENT 
[0019] 

In the following, a certain embodiment of the present invention will be described in 
detail with reference to the accompanying drawings. 
[0020] 

10 For ease of understanding, the following description will contain various directional 

terms, such as, left, right, upper, lower, forward, rearward and the like. However, such 
terms are to be understood with respect to only a drawing or drawings on which the 
corresponding part of element is illustrated. 

15 [0021] 

Fig. 1 shows a typical skeleton diagram of a speed change gear for an automatic 
transmission, according to an embodiment of the present invention. There are provided a 
first planetary gear set Gl, a second planetary gear set G2, a third planetary gear set G3, a 
first connector member Ml, a second connector member M2, a first clutch CI, a second 
20 clutch C2, a first brake Bl, a second brake B2, an input portion INPUT (input shaft 1), and 
an output portion OUTPUT (output gear 2). 
[0022] 

The speed change gear for the automatic transmission according to the embodiment 
is so constituted that the first planetary gear set Gl (speed reduction, single pinion), the 
25 second planetary gear set G2 (single pinion), and the third planetary gear set G3 (double 
sun gear) are sequentially and substantially coaxially arranged from a left end (an end 
close to the input portion INPUT [input shaft 1]), as is seen in Fig. 1. 
[0023] 

The first planetary gear set Gl constitutes a speed reduction planetary gear set Gl, 
30 while the second planetary gear set G2 and the third planetary gear set G3 constitute a 
speed change planetary gear set (a latter speed change mechanism). 
[0024] 
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The first planetary gear set Gl has a first sun gear SI, a first ring gear Rl, a first 
pinion PI meshing with the first sun gear SI and the first ring gear Rl, and a first 
planetary carrier PCI for carrying the first pinion PI in such a manner that the first pinion 
PI can rotate, thus constituting the single pinion planetary gear set (speed reduction 
5 planetary gear set Gl). 
[0025] 

The second planetary gear set G2 has a second sun gear S2, a second ring gear R2, a 
second pinion P2 meshing with the second sun gear 82 and the second ring gear R2, and a 
second planetary carrier PC2 for carrying the second pinion P2 in such a manner that the 
10 second pinion P2 can rotate, thus constituting the single pinion planetary gear set. 
[0026] 

The third planetary gear set G3 has a third sun g^ai S3, a fourth sun gear S4, a third 
pinion P3 meshing with the third sun gear S3 and the fourth sun gear S4 in common, a 
third planetary carrier PC3 for carrying the third pinion P3 in such a manner that the third 
15 pinion P3 can rotate, and a third ring gear R3 (one in number) meshing with the third 
pinion P3, thus constituting the double sun gear planetary gear set. Hereinabove, the third 
sun gear S3 is disposed on a nearer side to the input portion INPUT, while the fourth sun 
gear S4 is disposed on a farther side from the input portion INPUT. 
[0027] 

20 Although the third sun gear S3 and the fourth sun gear S4 are disposed substantially 

coaxially, the numbers of teeth thereof need not to be equal (in other words, the different 
numbers of teeth are allowed). 
[0028] 

The third planetary carrier PC3 is provided with a center member CM united with 
25 the third planetary carrier PC3 and extending radially inward firom between the third sun 
gear S3 and the fourth sun gear S4, and is provided with an outer member OM extending 
radially outward from the third planetary carrier PC3. The outer member OM is disposed 
actually in a special manner (to be described in detail afterward). 
[0029] 

30 Hereinabove, the center member CM is so disposed to as to pass through a space 

which is defined on a circle formed with pitches arranged on the third pinion P3 and 
which is defined between the adjacent third pinions P3. The center member CM is so 
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disposed as to extend radially inward from between the third sun gear S3 and the fourth 

sun gear S4. 

[0030] 

The input portion INPUT is constituted of the input shaft 1. Connecting the input 
5 shaft 1 to the first ring gear Rl and connecting the input shaft 1 to an engine (not shown) 
as power source via a torque converter (not shown) allow engine speed to be inputted from 
the input shaft 1 to the first ring gear RL 
[0031] 

The output portion OUTPUT is constituted of an output gear 2. The output gear 2 
10 substantially coaxially connects to the second connector member M2 (constituting a 
coupling body for coupling the second planetary carrier PC2 and the third ring gear R3), 
thus sending transmitted (changed speed) output rotation from the output gear 2 to a drive 
wheel of a vehicle via a final gear set (not shown) and a differential gear device (not 
shown). 
15 [0032] 

Hereinabove, the first connector member Ml is a connector member for connecting 
the second sun gear S2 and the third sun gear S3 unitedly, thus constituting a coupling 
body for coupling the second sun gear S2 and the third sun gear S3. 
[0033] 

20 Being connected to a transmission case 3, the first sun gear SI of the speed 

reduction planetary gear set Gl is held continuously stationary. The first planetary carrier 
PCI is adapted to be connected to the second ring gear R2 by the first clutch CI, and is 
adapted to be connected to the second sun gear S2 by the second clutch C2. 
[0034] 

25 The center member CM of the third planetary carrier PC3 is adapted to be connected 

to the input shaft 1 by the third clutch C3, thus allowing the third clutch C3 to act as a 
direct clutch outputting the input rotation to a compound planetary gear set (including the 
second planetary gear set G2 and the third planetary gear set G3) at a constant speed 
(namely, no speed change). 

30 [0035] 

The outer member OM of the third planetary carrier PC3 of the double sun gear 
planetary gear set G3 is adapted to be connected to the transmission case 3 by the first 
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brake Bl, and is adapted to hold stationary the third planetary carrier PCS. The fourth sun 
gear S4 is adapted to be connected to the transmission case 3 by the second brake B2, and 
thereby is adapted to be held stationary. 
[0036] 

5 With the speed change gear having the above constitution according to the 

embodiment, engaging and disengaging the first clutch CI, the second clutch C2, the third 
clutch C3, the first brake Bl, and the second brake B2 referring to combinations shown in 
Fig. 2 (a circle stands for engagement while a blank stands for disengagement) can select 
corresponding gear shifts (six forward gears and one reverse gear). A control valve body 
10 (not shown) for transmission control achieving engagement logic for the applicable 
transmission is connected to the first clutch CI, the second clutch C2, the third clutch C3, 
the first brake B 1 , and the second brake B2. 
[0037] 

The control valve body (not shown) for the transmission control is of a hydraulic 
15 pressure control type, an electronically control type, a combination of the former two, or 
the like. 

[0038] 

Hereinafter described is transmission operation of the above speed change gear 
20 according to the embodiment, referring to Fig. 2 to Fig. 5. 
[0039] 

Fig. 2 shows an engagement logic of a transmission friction element of the speed 
change gear, relative to a selected gear shift. 
[0040] 

25 Fig. 3 to Fig. 5 show torque flow paths at each gear shift of the speed change gear, 

according to the embodiment. 
[0041] 

In Fig. 3 to Fig. 5, the torque flow paths of the clutch, the brake and the member are 
shown with a bold line, and the gear used for the torque flow is hatched. 

30 



[0042] 
(First gear) 
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As is seen in Fig. 2, engaging the first clutch CI and the first brake Bl may achieve 
the forward first gear. 
[0043] 

At the first gear, in view of the second planetary gear set G2, engaging the first 
5 clutch CI may input a reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. 
[0044] 

On the other hand, in view of the third planetary gear set G3, engaging the first 
brake Bl may hold stationary the third planetary carrier PC3 to the transmission case 3, 
10 thus rotation of the third sun gear S3 is reversed and reduced relative to an output rotation 
from the third ring gear R3. The rotation of the third sun gear S3 is transmitted to the 
second sun gear S2 of the second planetary gear set G2 via the first connector member 
Ml. 
[0045] 

15 In view of the second planetary gear set G2, a forward reduced rotation is inputted 

from the second ring gear R2 while the reverse reduced rotation is inputted from the 
second sun gear S2, thus further reducing the rotation from the second ring gear R2. The 
thus further reduced rotation is to be outputted from the second planetary carrier PC2 to 
the output gear 2 via the second connector member M2. 

20 [0046] 

Fig. 3(a) shows the torque flow paths at the first gear, with the first clutch CI, the 
first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
(excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
25 teach that the torque is operated. 
[0047] 

In other words, at the first gear, all the planetary gear sets including the first 
planetary gear set Gl and the latter speed change mechanism (including the second 
planetary gear set G2 and the third planetary gear set G3) may contribute to the torque 
30 flow. 



[0048] 
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(Second gear) 

As is seen in Fig. 2, disengaging the first brake Bl (which is engaged at the first 
gear) while engaging the second brake B2, namely, engaging the first clutch CI and the 
second brake B2 may achieve the forward second gear. 
5 [0049] 

At the second gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. 
[0050] 

10 On the other hand, in view of the third planetary gear set G3, engaging the second 

brake B2 may hold stationary the fourth sun gear S4 to the transmission case 3, thus 
holding stationary the third sun gear S3 which is connected to the fourth sun gear S4 by 
the third pinion P3. Then, the second sun gear S2 connected to the third sun gear S3 via 
the first connector member Ml may be held stationary to the transmission case 3. 

15 [0051] 

In view of the second planetary gear set G2, the forward reduced rotation is inputted 
fi-om the second ring gear R2 while the second sun gear S2 is held stationary, thus fiirther 
reducing the reduced rotation fi-om the second ring gear R2. The thus fiirther reduced 
rotation (ahhough faster than the first speed) is to be outputted from the second planetary 
20 carrier PC2 to the output gear 2 via the second connector member M2. 
[0052] 

Fig. 3(b) shows the torque flow paths at the second gear, with the first clutch CI, the 
second brake B2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
25 line and the hatching teach that the torque is operated. 
[0053] 

In view of the third planetary gear set G3, the third pinion P3 free of constraint may 
revolve around the stationary sun gear S3 and the stationary sun gear S4 in accordance 
with the output rotation of the third ring gear R3. In sum, although acting as a rotation 
30 member, the third planetary gear set G3 may make substantially no contribution to the 
torque flow. 
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[0054] 
(Third gear) 

As is seen in Fig. 2, disengaging the second brake B2 (which is engaged at the 
second gear) while engaging the second clutch C2, namely, engaging the first clutch CI 
5 and the second clutch C2 may achieve the forward third gear. 
[0055] 

At the third gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. Substantially simultaneously with this, engaging the second clutch C2 may 
10 input the reduced rotation from the first planetary gear set Gl to the second sun gear S2 of 
the second planetary gear set G2. 
[0056] 

In view of the second planetary gear set G2, substantially the same reduced rotation 
is inputted to the second ring gear R2 and the second sun gear S2, thus outputting the 
15 reduced rotation (substantially the same as the reduced rotation from the first planetary 
gear set Gl) to the output gear 2 via the second planetary carrier PC2 (rotating integrally 
with the second ring gear R2 and the second sun gear S2) and the second connector 
member M2. 
[0057] 

20 Fig. 3(c) shows the torque flow paths at the third gear, with the first clutch CI, the 

second clutch C2 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the second planetary gear set G2 hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 
[0058] 

25 Hereinabove, the third planetary gear set G3 may make substantially no contribution 

to the torque flow. 

[0059] 

(Fourth gear) 

30 As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the third 

gear) while engaging the third clutch C3, namely, engaging the first clutch CI and the 
third clutch C3 may achieve the forward fourth gear. 
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[0060] 

At the fourth gear, in view of the second planetary gear set G2, engaging the first 
clutch CI may input the reduced rotation from the first planetary gear set Gl to the second 
ring gear R2. 
[0061] 

On the other hand, in view of the third planetary gear set G3, engaging the third 
clutch C3 may input the input rotation fi-om the input shaft 1 to the third planetary carrier 
PCS via the center member CM. Thereby, the rotation of the third sun gear S3 is more 
increased than the output rotation of the third ring gear R3. The thus increased rotation of 
the third sun gear S3 may be transmitted to the second sun gear S2 via the first connector 
member Ml. 
[0062] 

In view of the second planetary gear set G2, the reduced rotation is inputted from the 
second ring gear R2 while the increased rotation is inputted fi:om the second sun gear 82, 
thus increasing the reduced rotation firom the second ring gear R2 (although lower than the 
input rotation). The thus increased rotation is to be outputted fi-om the second planetary 
carrier PC2 to the output gear 2 via the second connector member M2. 
[0063] 

Fig. 4(a) shows the torque flow paths at the fourth gear, with the first clutch CI , the 
third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl, the second planetary gear set G2 and the third planetary gear set G3 
(excluding the fourth sun gear S4) hatched. Hereinabove, the bold line and the hatching 
teach that the torque is operated. 

[0064] 
(Fifth gear) 

As is seen in Fig. 2, disengaging the first clutch CI (which is engaged at the fourth 
gear) while engaging the second clutch C2, namely, engaging the second clutch C2 and 
the third clutch C3 may achieve the forward fifth gear. 
[0065] 

At the fifth gear, engaging the second clutch C2 may input the reduced rotation from 
the first planetary gear set Gl to the third sun gear S3 via the second sun gear S2 and the 
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first connector member Ml. Substantially simultaneously with this, engaging the third 
clutch C3 may input the input rotation from the input shaft 1 to the third planetary carrier 
PCS via the center member CM. 
[0066] 

5 In view of the third planetary gear set G3, the input rotation is inputted to the third 

planetary carrier PC3 while the reduced rotation from the first planetary gear set Gl is 
inputted to the third sun gear S3, thus increasing the input rotation. The thus increased 
rotation (higher than the input rotation) is to be outputted from the third ring gear R3 to 
the output gear 2 via the second connector member M2. 
10 [0067] 

Fig. 4(b) shows the torque flow paths at the fifth gear, with the second clutch C2, the 
third clutch C3 and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the third planetary gear set G3 (excluding the fourth sun gear 
S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 

15 

[0068] 
(Sixth gear) 

As is seen in Fig. 2, disengaging the second clutch C2 (which is engaged at the fifth 
gear) while engaging the second brake B2, namely, engaging the third clutch C3 and the 
20 second brake B2 may achieve the forward sixth gear. 
[0069] 

At the sixth gear, engaging the third clutch C3 may input the input rotation from the 
input shaft 1 to the third planetary carrier PC3 via the center member CM of the third 
planetary gear set G3. Moreover, engaging the second brake B2 may hold stationary the 
25 fourth sun gear S4 of the third planetary gear set G3 to the transmission case 3. 
[0070] 

In view of the third planetary gear set G3, the input rotation is inputted to the third 
planetary carrier PC3 while the fourth sun gear S4 is held stationary to the transmission 
case 3, thus increasing the input rotation. The thus increased rotation is to be outputted 
30 firom the third ring gear R3 to the output gear 2 via the second connector member M2. 
[0071] 
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Fig. 4(c) shows the torque flow paths at the sixth gear, with the third clutch C3, the 
second brake B2 and each of the members indicated by the bold line and with the third 
planetary gear set G3 (excluding the third sun gear S3) hatched. Hereinabove, the bold 
line and the hatching teach that the torque is operated. 

5 

[0072] 

(Reverse gear) 

As is seen in Fig. 2, engaging the second clutch C2 and the first brake Bl may 
achieve the reverse gear. 
10 [0073] 

At the reverse gear, engaging the second clutch C2 may input the reduced rotation 
from the first planetary gear set Gl to third sun gear S3 via the second sun gear S2 and the 
first connector member Ml. On the other hand, engaging the first brake Bl may hold 
stationary the planetary carrier PC3 to the transmission case 3. 
15 [0074] 

In view of the third planetary gear set G3, the forward reduced rotation is inputted to 
the third sun gear S3 while the third planetary carrier PC3 may be held stationary to the 
transmission case 3, thus outputting the reverse reduced rotation from the third ring gear 
R3 to the output gear 2 via the second connector member M2. 
20 [0075] 

Fig. 5 shows the torque flow paths at the reverse gear, with the second clutch C2, the 
first brake Bl and each of the members indicated by the bold line and with the first 
planetary gear set Gl and the third planetary gear set G3 (excluding the fourth sun gear 
S4) hatched. Hereinabove, the bold line and the hatching teach that the torque is operated. 

25 

[0076] 

Fig. 6 is a view of a developed cross section showing an actual constitution of the 
speed change gear in Fig. 1 to Fig. 5, while Fig. 7 is an enlarged cross section of an 
essential part of the actual constitution of the speed change gear in Fig. 6, according to the 
30 embodiment of the present invention. 
[0077] 
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Hereinafter described is the actual constitution of the speed change gear referring to 
Fig. 6 and Fig. 7 showing the input portion 1 and the output portion 2 reversed relative to 
those shown by the skeleton diagrams in Fig. 1, Fig. 3, Fig. 4 and Fig. 5. 
[0078] 

5 The input shaft 1 and a middle shaft 4 are disposed sidewise in Fig. 6 and Fig. 7 

substantially coaxially in the transmission case 3, in such a manner as to mate and rotate 
relative to each other. In sum, the input shaft 1 and the middle shaft 4 are individually 
bom in the transmission case 3 in such a manner as to rotate relative to the transmission 
case 3. 
10 [0079] 

The transmission case 3 has a fi-ont end opening (right in Fig, 6 and Fig. 7) closer to 
the input shaft 1, which opening is blocked with a pump case having a pump housing 5 
and a pump cover 6. The input shaft 1 is inserted to the pump case to be bom by the pump 
case. An engine (not shown) is drivingly connected to a protmsion end of the input shaft 1 
15 via a torque converter (not shown). 
[0080] 

The middle shaft 4 has a rear end (farther side fi-om the input shaft 1 in Fig. 6) which 
is rotatably bom with an end cover 7 at a rear end (left in Fig. 6) of the transmission case 
3. 

20 [0081] 

There is provided a middle wall 8 substantially in the middle in an axial direction of 
the transmission case 3. The output gear 2 is rotatably bom by the middle wall 8, The 
input shaft 1 and the middle shaft 4 define a mating portion which is rotatably bom by a 
wall defining a center opening of the middle wall 8 via a hollow shaft 9. 
25 [0082] 

Between the pump case (including the pump housing 5 and the pump cover 6) and 
the middle wall 8, there is defined a front space (right end of the transmission) in Fig. 6 
and Fig. 7. The first planetary gear set Gl is disposed in the front space. The third clutch 
C3 is also disposed in the front space in such a manner as to wrap the first planetary gear 
30 setGl. 
[0083] 
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In view of the first planetary gear set Gl, the first sun gear SI is serratedly held (or 
mated) stationary to a center boss 6a (protruding rearward [leftward in Fig. 6 and Fig, 7]) 
of the pump cover 6. The first sun gear SI is thereby continuously incapable of rotating 
such that the first sun gear SI can act as a reactive force receiver. Moreover, in view of the 
5 first planetary gear set Gl, the first ring gear Rl which acts as a rotation input member 
connects to an outer periphery of a flange 10 extending radially outward from the input 
shaft 1. 
[0084] 

According to the embodiment of the present invention, as is seen in Fig. 7, the first 
10 ring gear Rl of the first planetary gear set Gl (speed reduction planetary gear set Gl) and 
the third clutch C3 (direct clutch) disposed radially outward relative to the first ring gear 
Rl have the following constitution: 
[0085] 

* There is provided a clutch drum 1 1 extending radially outward from a front 
15 end (namely, closer to the input shaft 1) of the middle shaft 4 in such a manner as to wrap 
the first ring gear Rl, moreover, there is provided a clutch pack 12 having clutch plates 
which are splined respectively with an inner periphery of the clutch drum 1 1 and an outer 
periphery of the first ring gear Rl in such a manner as to be disposed altematingly, thus 
constituting the third clutch C3. The third clutch C3 is disposed on the outer periphery of 
20 the speed reduction planetary gear set Gl . 
[0086] 

A clutch hub which is an input member to the thus constituted third clutch C3 
overlaps substantially axially with the first ring gear Rl of the speed reduction planetary 
gear set Gl. The clutch hub and the first ring gear Rl are substantially the same in 
25 material. In sum, the first ring gear Rl is commonly used for the clutch hub of the third 
clutch C3. In other words, an outer periphery of the first ring gear Rl is provided with the 
clutch hub of the third clutch C3. 
[0087] 

Hereinabove, the third clutch C3 has a clutch piston 13 (operation piston) which is 
30 disposed on a farther side (left in Fig. 7) of the first planetary gear set Gl from the oil 
pump case (including the pump housing 5 and the pump cover 6). The clutch piston 13 
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mates with an end wall 1 la (facing the first planetary gear set Gl) of the clutch drum 11, 

and with a front end of the middle shaft 4. 

[0088] 

Receiving an operation oil pressure applied from a control valve body (not shown) 
5 via a first operation oil duct 14a, a second operation oil duct 14b and a third operation oil 
duct 14c to the clutch piston 13, the clutch piston 13 may make a stroke rightward in Fig. 
6 and Fig. 7, thus engaging the third clutch C3. 
[0089] 

There is provided a connector member 5 1 extending radially outward from the front 
10 end of the hollow shaft 9, and then is shaped substantially into a drum in such a manner as 
to wrap the third clutch C3. Moreover, the connector member 51 has a front end (right in 
Fig. 6 and Fig. 7) coimecting to the first planetary carrier PCI. 
[0090] 

As is obvious fi-om the above description, the first planetary carrier PCI constitutes 
15 a rotation output member of the first planetary gear set Gl . 
[0091] 

Between the middle wall 8 and the end cover 7, there is defined a rear space (rear 
end of the transmission). The second planetary gear set G2, the third planetary gear set G3, 
the first clutch CI, the second clutch C2, the first brake Bl, and the second brake B2 are 
20 disposed in the rear space in Fig. 6 in the following manner: 
[0092] 

The second planetary gear set G2 and the third planetary gear set G3 are disposed on 
the middle shaft 4. In this case, however, the second planetary gear set G2 is disposed 
nearer to the input shaft 1 than the third planetary gear set G3. 
25 [0093] 

The first connector member Ml integrates the second sun gear S2 of the second 
planetary gear set G2 with the third sun gear S3 of the third planetary gear set G3. The 
thus integrated sun gear S2 and the third sun gear S3 are rotatably bom on the middle shaft 
4, 

30 [0094] 

From substantially a center of the hollow shaft 9, there is provided a clutch drum 1 5 
extending radially outward and then extending axially rearward (leftward in Fig. 6) to an 
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outer periphery of the second ring gear R2, moreover, there is provided a clutch pack 16 
having clutch plates which are splined respectively with an inner periphery of the clutch 
drum 15 and an outer periphery of the second ring gear R2 in such a manner as to be 
disposed ahematingly, thus constituting the first clutch CI. 
5 [0095] 

As described above, the second clutch C2 is disposed nearer to the input shaft 1 than 
the first clutch CI which is disposed on the outer periphery of the second planetary gear 
G2. With the above constitution, there is provided a clutch hub 17 fixed to the outer end of 
the second sun gear S2 (on the input shaft I's side of the second sun gear S2) and 
10 extending radially outward, moreover, there is provided a clutch pack 18 having clutch 
plates which are splined respectively with an outer periphery of the clutch hub 17 and an 
inner periphery of the clutch drum 15 in such a manner as to be disposed altematingly, 
thus constituting the second clutch C2. 
[0096] 

15 Hereinabove, as a double piston with the clutch piston 20 sliding inside the clutch 

piston 19, the clutch piston 19 of the first clutch CI and the clutch piston 20 of the second 
clutch C2 are in combination disposed on the second clutch C2's side away from the first 
clutch CI. With the above constitution, the clutch piston 20 may mate with the end wall 
(right in Fig. 6, and facing the second planetary gear set G2) of the clutch drum 15. 

20 [0097] 

Receiving an operation oil pressure applied from operation oil ducts 21 formed 
individually in the middle wall 8 and the hollow shaft 9 (shown in Fig. 6 is one operation 
oil duct 21 only), the clutch piston 19 and the clutch piston 20 may make a stroke, thus 
engaging the first clutch CI and the second clutch 20 individually. 
25 [0098] 

As described above, the third planetary gear set G3 is the double sun gear planetary 
gear set. The third ring gear R3 is smaller in tooth width than the third pinion P3. With 
this, the third ring gear R3 may mesh with the third pinion P3 at an end portion near to the 
second planetary gear set G2, thus shortening the second connector member M2 for 
30 connecting the third ring gear R3 to the second planetary carrier PC2 of the second 
planetary gear set G2. 
[0099] 
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Around an outer periphery of the third ring gear R3, there is provided a tubular 
connector member 22 disposed in such a manner as to wrap the clutch drum 15 of the first 
clutch CI and the second clutch C2. The tubular connector member 22 has a first end (left 
in Fig. 6) connecting to the outer periphery of the third ring gear R3 and a second end 
5 (right in Fig. 6) connecting to the output gear 2. 
[0100] 

The third planetary carrier PCS of the third planetary gear set G3 is fitted with the 
center member CM which extends radially inward via between the third sun gear S3 and 
the fourth sun gear S4. Moreover, substantially in an axial center of the third pinion P3, 
10 the third planetary carrier PC3 of the third planetary gear set G3 is fitted with the outer 
member OM extending radially outward substantially along an end face (left in Fig. 6) of 
the third ring gear R3. 
[0101] 

The center member CM is drivably connected to the middle shaft 4, thus connecting 
15 the third planetary carrier PCS to the clutch drum 1 1 of the third clutch C3 via the center 
member CM and the middle shaft 4. 
[0102] 

The outer member OM has an outer periphery connecting to a brake hub 23. Being 
disposed around an outer periphery of the tubular connector member 22, the brake hub 23 
20 extends frontward (rightward in Fig. 6) toward the middle wall 8. 
[0103] 

There is provided a brake pack 24 having brake plates which are splined 
respectively with an outer periphery at a fi-ont end (right in Fig. 6) of the brake hub 23 and 
an inner periphery of the transmission case 3 in such a manner as to be disposed 
25 altematingly, thus constituting the first brake Bl. The first brake Bl is adapted to be 
engaged by a brake piston 25 which mates in the transmission case 3 in a rearward 
position (left in Fig. 6) of the brake pack 24. 
[0104] 

There is provided a brake hub 26 disposed in such a manner as to cover the rear end 
30 (left in Fig. 6) of the brake hub 23. The brake hub 26 has a rear end wall 26a extending 
circumferentially inward substantially along a back portion of the third planetary gear set 
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G3, moreover, an inner periphery of the rear end wall 26a of the brake hub 26 connects to 

the fourth sun gear S4 of the third planetary gear set G3. 

[0105] 

There is provided a brake pack 27 having brake plates which are splined 
5 respectively with an outer periphery of the brake hub 26 and the inner periphery of the 
transmission case 3, thus constituting the second brake B2. The second brake B2 is 
adapted to be engaged by a brake piston 28 which mates in the transmission case 3 in a 
rearward position (left in Fig. 6) of the brake pack 27. 
[0106] 

10 The above summarizes that each of the first brake Bl and the second brake B2 is 

disposed outside the first clutch CI and the second clutch C2. Moreover, the first brake Bl 
is disposed nearer to the input shaft 1 (or the first planetary gear set Gl) than the second 
brake B2. The first brake Bl and the second brake B2 are, however, disposed nearer to the 
second planetary gear set G2 than the third planetary gear set G3. 

15 [0107] 

The compound planetary gear set (including the second planetary gear set G2 and 
the third planetary gear set G3) and the two clutches (including the first clutch CI and the 
second clutch C2) are disposed on a side opposite to the input portion INPUT (input shaft 
1) with respect to the speed reduction planetary gear set Gl (first planetary gear set Gl). 
20 [0108] 

Although being omitted from the skeleton diagrams in Fig. 1, Fig. 3, Fig. 4 and Fig. 
5, a one way clutch OWC is disposed between the front end (of the brake hub 23 
constituting the first brake Bl) and the transmission case 3. In a disengagement state of 
the first brake Bl, the one way clutch OWC may prevent one way rotation of the third 
25 planetary carrier PC3, thus achieving the first gear. 
[0109] 

At the above first gear achieved by the one way clutch OWC, however, the OWC 
may allow a reverse rotation of the third planetary carrier PC3, thus rendering the engine 
brake unobtainable. Therefore, in case the engine brake is requested, the first brake Bl is 
30 engaged so as to prevent the reverse rotation of the third planetary carrier PC3. 
[0110] 
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Moreover, a counter shaft 29 extending substantially in parallel to the input shaft 1 
and the middle shaft 4 is rotatably bom in the transmission case 3. A counter gear 30 and a 
final drive pinion 31 are integrated with the counter shaft 29. The counter gear 30 may 
mesh with the output gear 2 while the final drive pinion 31 may mesh with the differential 
5 gear device (not shown in Fig. 6) between vehicle's drive wheels. 

[0111] 

With the above actual constitution as is seen in Fig. 6 and Fig. 7, the speed change 
gear for the automatic transmission that can make a selection from the six forward gears 

10 and one reverse gear has the following constitution: 

* Among the clutches, the first clutch CI and the second clutch C2 connect and 
disconnect the reduced rotation from the first planetary gear set Gl to the compound 
planetary gear set (including the second planetary gear set G2 and the third planetary gear 
set G3). The other clutch, namely, the third clutch C3 is the direct clutch for outputting the 

15 input rotation at the constant speed to the compound planetary gear set (including the 
second planetary gear set G2 and the third planetary gear set G3). The third clutch C3 is 
disposed radially outward relative to the first ring gear Rl of the first planetary gear set 
Gl. Hereinabove, the first ring gear Rl has the outer periphery which is provided with the 
clutch hub. More specifically, the clutch hub constitutes the third clutch C3 (direct clutch 

20 C3) and is an input member to the third clutch C3. 
[0112] 

With the above constitution, the outer periphery of the first ring gear Rl is 
integrated with the clutch hub of the third clutch C3, in the radial direction of the gear 
train, thus eliminating the need for securing an area for the following two: 
25 1 . thickness of the clutch hub, and 

2. a gap between the clutch hub and the first ring gear Rl . 
[0113] 

In a state that overlapping the members at the front end (right in Fig. 6) of the 
transmission can shorten the overall length of the transmission, the above elimination of 
30 the area (see "thickness" in 1. and "gap" in 2. above) can prevent the transmission from 
becoming great in the radial direction and thereby secure a great outer diameter of the 
differential ring gear (not shown) relative to the distance between the main shaft and the 
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differential shaft of the gear train. Hereinabove, being free from transmission of the speed 
reduction torque, the third clutch C3 is smaller than a clutch(es) disposed on other 
portion(s). 
[0114] 

5 The above prevention of the automatic transmission from becoming enlarged in the 

axial direction and in the radial direction as well can reduce the gear noise and further can 
secure the great outer diameter of differential ring gear relative to the distance between the 
main shaft and the differential shaft of the gear train, resulting in improvement of the 
on-vehicle mountability. 
10 [0115] 

Moreover, the speed change gear for the automatic transmission according to the 
embodiment of the present invention has the following constitution: 

* The first planetary gear set Gl is the single pinion planetary gear set including 
the first ring gear Rl, the first pinion PI meshing with the first ring gear Rl, the first sun 

15 gear SI meshing with the first pinion PI, the first planetary carrier PCI for carrying the 
first pinion PI in such a manner that the first pinion PI can rotate. Hereinabove, the first 
planetary carrier PCI acts as the rotation output member. 
[0116] 

With the above constitution, the first planetary gear set Gl can have reduced 
20 diameter in the radial direction of the automatic transmission, thus securing the great 
diameter of differential ring gear relative to the distance between the main shaft and the 
differential shaft of the gear train. 
[0117] 

Moreover, the speed change gear for the automatic transmission according to the 
25 embodiment of the present invention has the following constitution: 

* The clutch hub of the third clutch C3 and the first ring gear Rl of the first 
planetary gear set Gl are so disposed as to define the overlapping at least partly in the 
axial direction. 

[0118] 

30 With the above constitution, the automatic transmission can be prevented fi-om 

becoming large in the axial direction. 
[0119] 
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Moreover, the speed change gear for the automatic transmission according to the 
embodiment of the present invention has the following constitution: 

* The compound planetary gear set (including the second planetary gear set G2 
and the third planetary gear set G3) and the two clutches (including the first clutch CI and 
5 the second clutch C2) are disposed on a side opposite to the input shaft 1 with respect to 
the first planetary gear set Gl. 
[0120] 

With the above constitution, the input on the speed reduction side can be disposed in 
the vicinity of the input of the third clutch C3 (direct clutch), thus achieving a layout 
10 advantageous for the above effects. 
[0121] 

Moreover, the clutch hub of the third clutch C3 and the first ring gear Rl of the first 
planetary gear set Gl are substantially the same in material, thus facilitating formation of 
the clutch hub of the third clutch C3 on the outer periphery of the first ring gear Rl . 

15 

[0122] 

Although the present invention has been described above by reference to a certain 
embodiment, the present invention is not limited to the embodiment described above. 
Modifications and variations of the embodiment described above will occur to those 
20 skilled in the art, in light of the above teachings. 
[0123] 

More specifically, the first planetary gear set Gl for the speed reduction according 
to the above embodiment is preferably has the constitution of the single pinion planetary 
gear set including the first ring gear Rl as the rotation input member and the first 
25 planetary carrier PCI as the rotation output member. In place of the single pinion 
planetary gear set, a double pinion planetary gear set is applicable for the first planetary 
gear set Gl which double pinion type may include the first planetary carrier PCI as the 
rotation input member and the first ring gear Rl as the rotation output member. 

30 [0124] 

This application is based on a prior Japanese Patent Application No. P2002-207330 
(filed on July 16, 2002 in Japan). The entire contents of the Japanese Patent Application 
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No. P2002-207330 from which priority is claimed is incorporated herein by reference, in 
order to take some protection against mis-translation or omitted portions. 
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[0125] 

The scope of the present invention is defined with reference to the following claims. 



